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In considering small parasitic animals which could, by virtue of their environ- 
ments or feeding habits, fit into the ecological arrangements of certain animal 
viruses, my attention has been focused upon the leech as one that might play 
a  role.  Leeches,  feeding on the blood of various animals, birds,  and reptiles 
as they do, might be expected, on occasion, to ingest blood containing one or 
another  septicemic virus.  Whether  the  hypothetical virus  contained in  the 
blood meal would remain viable for long within the leech was a  question that 
seemed  important  to  answer  before  deciding  whether  the  leech  warranted 
further consideration as a  potential reservoir host for certain viruses in nature. 
The question lent itself to experimental approach and the findings with two 
viruses studied will be reported in the present paper. 
Materials and Methods 
Leeches.--The leeches used were the ordinary medicinal variety,  Hirudo medivinaUs, and 
were obtained from Mr. Salvatore Anatriello in New York. They were designated as "large" 
and were adults. They were kept in the laboratory in circular jars 12 inches tall and 12 inches 
in diameter. The bottoms of the jars contained an approximately 2 inch layer of well washed 
clean sand, and water was added  to within about 4 inches of the top of the jar. Aquarium 
greens were planted in the sand and two small blocks of wood floated on the water surface for 
the leeches to crawl upon if they eared to. The open tops of the jars were covered by gauze 
kept tightly in place by large rubber bands. From three to six or more leeches were kept in 
each jar. 
Viruse~.--The viruses of hog cholera and infectious myxoma of rabbits were tested  for 
their eapacity to survive in leeches. The strain of hog cholera virus used in most of the work 
was gotten from a field case of the disease furulshed me in 1954 by Dr. H. C. Smith of Sioux 
City, Iowa. It is designated in my collection as strain 776 and is of good lethal pathogenicity 
for swine. A pooled strain, made up of a mixtur  e of field strains of hog cholera virus collected 
during the past several years, has also been used to a  limited extent. The myxoma virus em- 
ployed was one that I  have worked with since 1931 and came  originally from Dr. Arthur 
Moses of the Oswaldo Cruz Institute, Brazil. 
Technique Used in Infecting Leecl~s oath Viruses.--Leeches  have, in my experience, been 
extremely temperamental and unpredictable in the eagerness with which they have partaken 
of a blood meal when placed on the skin of an infected donor animal. Some have attacked the 
animal viciously as soon as contact with the skin was effected, while others have wandered 
over the exposed skin in an aggravafingly disinterested manner for as long as 15 or 20 minutes 
before finally deigning to attack. 
Two species of animals have been used as virus donors in the work to be reported--swine 
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for the hog cholera virus, and rabbits for the myxoma virus. The techniques used in infecting 
leeches have differed somewhat in each instance and will be described separately. 
Hog Chotera.--Swine, infected with hog cholera virus intramuscularly, developed fever and 
showed signs of beginning  iliness after an incubation  period of 2 or 3 days. Fever continued 
at a high level, ordinarily above 41°C., for several days, declining only shortly before the death 
of the animal. Leeches, to be infected with hog cholera virus, were applied to the skin of the 
lower abdomen or inguinal region of individual cholera-ill swine on the 2nd, 3rd, or 4th day 
of illness, a period during which virus was known to be present in the blood stream.  Seven 
swine have been used as virus donors in the present work and, so far as can be determined, 
all equally successfully infected leeches, regardless of whether the feeding took place on the 
2nd, 3rd, or 4th day of illness. The leeches were permitted  to feed for from 10 to 30 minutes, 
the feedings being interrupted  before complete  engorgement  by forcible manual  removal. 
Ordinarily three leeches were applied at a time, but in one instance seven were permitted to 
feed simultaneously without noticeable effect on the general condition of the donor swine. 
Infectious Myxoma of Rabb/ts.--Rabbits  inoculated  subcutaneously  with myxoma virus 
developed palpable swellings at the sites of inoculation on the 3rd or 4th day and ordinarily 
succumbed on the 9th or 10th day. Leeches were applied to the shaven abdomens of individual 
infected rabbits on the 4th, 5th, 6th, or 7th day and were permitted to feed for from 10 to 30 
minutes. It was known that during this period of illness myxoma virus was ordinarily present 
in the blood stream. As in the case of hog cholera, the leeches were forcibly removed by hand 
before they had completely engorged. Ordinarily only two leeches were permitted  to feed on 
each rabbit, but in one experiment six were applied simultaneously for  10 minute  feedings 
without apparent serious effect on the donor animal. 
Results of Tests for the Presence of Viruses in the Leeches after Feeding 
Hog Cholera.--Leeches  that  had fed upon hog cholera-infected  swine were 
sacrificed at various intervals after their blood meals to test for the presence of 
hog cholera virus.  They were killed  by placing  them  in Petri  dishes  in  the 
freezing compartment of an ordinary domestic refrigerator until frozen solid, 
and then, segments 3 to 5 nun. in thickness were sliced from the anterior, middle, 
and posterior  thirds  of their  frozen bodies with  a  scalpel.  The pool of these 
segments was ground with sterile  sand in a  mortar and suspended  in physio- 
logical saline,  containing  1000 units  of penicillin and  10 rag.  of streptomycin 
per cc., to make 5 or 10 per cent suspensions.  The supernatants  of these sus- 
pensions  were  tested  for the  presence  of hog cholera virus  by intramuscular 
administration in 1 co. amounts to susceptible swine. 
As shown by the findings recorded in Table I, hog cholera virus was found 
present in all leeches tested up to the 87th day after feeding. Beyond this time, 
hog cholera virus  could not be detected.  An exceptional leech,  infected with 
both hog cholera and myxoma virus,  in which the hog cholera virus persisted 
for 122 days, is included in Table III and will be discussed later. 
Experiments designed to determine whether leeches that had fed on cholera- 
infected swine could subsequently transmit virus to normal susceptible animals 
by natural feeding met with limited success. Leeches, presumed to be infected 
with  hog  cholera  virus,  were permitted  to feed  on normal  swine  for periods 
ranging from 5 to 15 minutes and the results obtained are recorded in Table II. 
Transmission of virus by such feedings was demonstrated in three instances. RICHARD  E.  SHOPE 
TABLE I 
Presence of Hog Cholera Virus in Leeches Fed on Hog Cholera-Infected Swine 
375 
Leeches  Leech suspension administered to 
No.  Time since infectiw  Swine No.  Result  blood meal 
7 
8 
105 
13 
44 
29 
56 
75 
57 
76 
58 
49 
48 
46 
30 
31 
77 
days 
4 
6 
13 
25 
6O 
63 
74 
87 
98 
111 
117 
120 
124 
126 
135 
144 
182 
31-57 
31-69 
33-14 
31-64 
32-12 
32-11 
32-74 
33-80 
32-97 
33-81 
33-43 
32-24 
32-24B 
32-72 
32-37 
32-37B 
33-48 
Hog cholera 
c~  ~c 
c¢  cl 
ct  ~ 
Negative 
cc 
tc 
c~ 
~c 
cc 
c~ 
TABLE II 
Transmission of Hog Cholera Virus  by Infe~te~t Le~hes  in the Process of Nal~ural Feeding 
Leeches  Fed on normal swine 
No.  Time since infective  blood meal  Swine No.  Result 
44to 46 
34  "  35 
25  "  31 
13  "  15 
13  "  15 
14  "  15 
44"46 
16  "  18 
30  "  31 
30  "  31 
30  "  31 
days 
S 
9 
9 
11 
18 
34 
35 
45 
59 
92 
127 
31-80 
32-24 
31-82 
31-71 
31-71 
31-95 
32-13 
32-05 
31-86 
32-29 
32-24 
Negative 
Hog cholera 
Negative 
Hog cholera 
~c  cc 
Negative 
cc 
~c 
I~ 
Seven leeches (25  to 31)  that had been fed on an infected pig 9  days  earlier 
infected swine 31-82 by feeding. In like manner, three leeches (13 to 15) fed on 
swine  31-71  18  days  after  they  had  ingested hog  cholera  virus  infected the 
animal, though they had failed to infect the same pig when fed on it a  week 376  LEECH  AS  POTENTIAL  VIRUS  RESERVOIR 
earlier (at 11 days). Two of these three leeches (14 and 15) infected another pig, 
swine 31-95, with hog cholera 34 days after their blood virus meal. The failure 
of this particular group of leeches to transmit hog cholera virus 11 days after 
their infective meal and their successful transmission of it at  18 and 34 days 
suggests that a certain amount of time must elapse between an infective blood 
meal and transmission of the virus. Attempts  to transmit hog cholera virus 
by permitting presumably infected leeches to feed on normal swine failed in 
the cases of the remaining seven swine recorded in Table II, indicating that:, 
TABLE III 
Presence of Myxoma  Virus in Leeches Fed on Rabbits with Myxomatosis 
Leeches  Leech suspension  administered to 
Time since  infective  Rabbit No.  Result 
No.  blood meal 
5 
45 
3 
1 
2 
4 
96 to 97 
112 
69 
113 
73 
114 
36 
34 
35 
74 
37 
doys 
11  7-0  Myxomatosis 
ct  14 
14 
23 
25 
25 
28 
78 
i01 
127 
141 
143 
146 
147 
149 
154 
171 
8-0 
6-9 
6-8 
6-6 
7-1 
1-14 
1-19 
1-10 
1-27 
1-16 
1-27B 
8-8 
8-9 
9-6 
1-12 
9-0 
¢~ 
¢¢ 
¢~ 
c¢ 
.Negative 
Myxomatosis 
Negative 
Myxomatosis 
Negative 
Myxomatosis 
Negative 
while natural transmission of hog cholera virus by infected leeches is possible, 
it is not a regularly reproducible phenomenon. 
Infectious Myxoma of Rabbits.--Leeches that had fed upon myxoma-infected 
rabbits were tested for the presence of myxoma virus, at various intervals after 
their blood meals, in a manner similar to that outlined for hog cholera in the 
preceding section. The supernatants of these leech suspensions were adminis- 
tered subcutaneously in 1 cc. amounts to susceptible rabbits. 
As shown by the findings recorded in Table III, myxoma virus regularly 
persisted in leeches for over 100 days and in one instance was demonstrated in a 
leech 154 days after it had partaken an infected blood meal. This was, however, 
apparently about the limit of time that myxoma virus could persist because ~Ic~  E.  SHOP~  377 
leeches 113, 114, 34, and 37 failed to yield virus on test in susceptible  rabbits 
127, 143, 147, and 171 days respectively after their virus meals. 
Experiments designed  to learn whether presumably infected leeches  could 
transmit myxoma virus to normal rabbits by natural feeding were carried out 
in a manner similar to that described earlier for hog cholera. All resulted nega- 
tively and, in contrast to the hog cholera findings, no instance of natural trans- 
mission of myxoma virus by leeches was demonstrated. 
Multiple Virus Infections of Leeches.--Several leeches were permitted to feed 
from 15 to 30 minutes on swine infected with hog cholera.  A number of days 
later the same leeches were fed for from 15 to 30 minutes on rabbits infected 
with myxoma virus. At various intervals after exposure to the two viruses,  the 
leeches were sacrificed and tested for the presence of each virus in the manner 
already described,  using rabbits to detect the presence of myxoma virus and 
swine to detect hog cholera virus. 
The results outlined in the upper portion of Table IV indicate that the mix- 
ture of viruses persisted in these leeches throughout the duration of the period 
they were observed. Hog cholera virus was demonstrated on the 40th, 54th, 
64th, 67th, 75th, and 122nd days after ingestion of this agent, and myxoma 
virus was  similarly shown  to  persist  in  the  different  individual leeches for 
periods of 27, 42, 57, 60, 63, and 110 days. So far as could be told from these 
experiments, multiple virus infections were supported by leeches just as effec- 
tively as were single infections with the individual viruses concerned. There was 
no  evidence that  the presence of one virus interfered in any way with the 
persistence of the other agent. The experiment was not of sufficient duration, 
however, to learn whether perhaps the presence of either virus favored the 
survival of the other one. The persistence of hog cholera virus for 122 days in 
leech 18, a number of days longer than in any leech infected with hog cholera 
virus alone, suggested that the concomitant infection with myxoma virus might 
have favored the survival of the hog cholera virus. 
The demonstration that leeches fed first on hog cholera virus and later on 
myxoma virus acquired persistent infections with both agents raised the ques- 
tion of whether feeding the two viruses in the reverse order would also result 
in dual infections.  To settle this point, several leeches were permitted to feed 
for from 15 to 30 minutes on rabbits infected with myxoma virus. A number of 
days later the same leeches were fed for from 15 to 30 minutes on swine infected 
with hog cholera virus. At various intervals after exposure to the two viruses 
the leeches  were sacrificed  and tested as before for the presence of the two 
agents. 
In contrast to the findings in leeches whose first feeding had been hog cholera 
virus, those fed initially on myxoma virus failed to develop dual infections as a 
result of later feeding on the other agent. As shown in the lower portion of 
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instances but in no case did subsequent feeding on cholera-infected swine result 
in the establishment of hog cholera virus in them. The swine blood ingested by 
these leeches did contain hog cholera virus as demonstrated by the fact that 
normal leeches fed on the  same donor swine acquired persistent  hog cholera 
virus.  It would appear from these results  that an  initial  feeding of myxoma 
TABLE IV 
The Virus Content of Leeches Fed Successisdy on Animals Infected with Different Viruses 
'ed hog cholera 
virus before my- 
xoma vires 
'ed myxoma virus 
before hog cho- 
lera virus 
Leeches  Leech suspension  admlnlst~ered  to 
Time 
since 
No.  infec-  tive  Virus fed 
blood 
meal 
days 
Ill  40  Hog cholera 
ili  27  Myxoma 
16  54  Hog cholera 
16  42  Myxoma 
79  64  Hog cholera 
79  57  Myxoma 
80 to 82  67  Hog cholera 
80 "  82  60  Myxoma 
17  75  Hog cholera 
17  63  Myxoma 
18  122  Hog cholera 
18  110  Myxoma 
63  56  Myxoma 
63  42  Hog cholera 
64 to 67  85  Myxoma 
64 "  67  71  Hog cholera 
93  89  Myxoma 
93  76  Hog cholera 
94  160  Myxoma 
94  147  Hog cholera 
Animal No. 
Swine 33-09 
Rabbit 1-18 
Swine 32-02 
Rabbit 7-5 
Swine 32-88B 
Rabbit 1-07 
Swine 33-29 
Rabbit 1-17 
Swine 32-13 
Rabbit 7-6 
Swine 32-72 
Rabbit 7-3 
Rabbit 1-03 
Swine 32-77 
Rabbit 1-06 
Swine 32-88 
Rabbit 1-13 
Swine 33-45 
Rabbit 1-26 
Swine 33-55 
Result 
Hog cholera 
Myxomatosis 
Hog cholera 
Myxomatosis 
Hog cholera 
Myxomatosis 
Hog cholera 
Myxomatosis 
Hog cholera 
Myxomatosis 
Hog cholera 
Myxomatosis 
Myxomatosis 
Negative 
Myxomatosis 
Negative 
Myxomatosis 
Negative 
Myxomatosis 
Negative 
virus to leeches prevented their later infection with hog cholera virus, although 
no such interference  was encountered when the order of feeding the  viruses 
was reversed. 
The Distribution of Viruses  Within Infected Leaches 
Experiments dealing with transmission of hog cholera virus by the natural 
teeding of leeches (Table II) suggested the possibility that vires might have to 
reach  the  salivary glands before such transmission could be  effected.  If this 
were indeed the case,  it might be anticipated that virus would be concentrated RICHARD  E.  SHOPE  379 
in the anterior portion of an infected leech. To determine whether or not this 
might be so, and also to learn something of the general distribution of virus in 
the bodies of infected leeches, leech 15, which died 52 days after it had fed on a 
cholera-infected pig, and leech 32, sacrificed 28 days after feeding on a myxoma- 
infected rabbit, were placed in sterile Petri dishes and frozen. Segments 3 to 4 
mm.  in thickness were then sliced with separate  scalpels from the anterior, 
middle, and posterior third of each frozen leech. These were ground and sus- 
TABLE V 
The, l~#ribution of Virus within Infected Leeches 
No. 
32 
32 
32 
15 
15 
33 
33 
17 
17 
17 
17 
Leeches  Leech  suspensions  administered  to 
Material 
Anterior third  body seg- 
ment 
Middle third  body segment 
Posterior  third  body seg- 
ment 
Anterior third  body seg- 
ment 
Posterior  third  body seg- 
Tilde 
since 
i]~ec= 
tive 
blood 
meal 
da~s 
28 
28 
28 
52 
52 
Virus fed 
Myxoma 
~c 
Hog cholera 
14  CII 
Animal No. 
Rabbit 6-7 
"  7-1 
"  7-2 
Swine 32-05 
"  31-80 
Result 
Myxomatosis 
c¢ 
ce 
Hog cholera 
¢c  6~ 
merit 
Body tissues 
Gut contents 
Body tissues 
Gut contents 
Body tissues 
Gut contents 
56 
56 
63 
63 
75 
75 
Myxoma 
c~ 
cs 
cc 
Hog cholera 
ct  ~c 
Rabbit 7-7 
"  7-7A 
"  7-7B 
"  7-6 
Swine 31-86 
"  32-13 
Negative 
Myxomatosis 
Negative 
Myxomatosis 
Negative 
Hog cholera 
pended in saline in the usual manner, and tested for the presence of virus by 
inoculation of the appropriate susceptible animals. 
As indicated by the findings outlined in Table V, virus was present in all of 
the leech segments  tested.  So far as  could be told by the  similarity in  the 
lengths  of the  incubation  periods  exhibited  by the  test  animals,  virus  was 
present in approximately similar amounts in the various segments of each leech. 
This experiment did not favor the view that virus might be concentrated in 
the  salivary  glands.  It  did  not,  however,  eliminate  from  consideration  the 
possibility, suggested by the hog cholera transmission experiments recorded in 
Table II, that transmission of virus by the leech under natural feeding condi- 
tions required the  lapse of sufficient time for virus to  get  into  the  salivary 
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With the finding that both hog cholera and myxoma viruses were present in 
roughly equal concentrations throughout the length of the body of infected 
leeches, the possibility became apparent that virus might not be present at all 
in the leeches' own tissues, but might be limited to the gut contents. It had 
been observed that dark, syrupy blood persisted throughout the gut of a leech 
for at least 4 months after a blood meal and it was conceivable that virus per- 
sisted only in these bloody gut contents. To test this possibility, segments of 
frozen leeches were cut in the usual manner and permitted to thaw in a  dish. 
The fluid blood from these segments was taken up in a small amount of saline 
and injected into susceptible animals to  test for the presence of virus.  The 
leech tissues themselves were then washed as free of blood as possible by agi- 
tating them in several changes of saline and were ground with sand and sus- 
pended in saline. These saline suspensions of leech tissues, freed of ingested 
blood, were then tested for the presence of virus in the usual manner by injecting 
them into susceptible animals. 
As shown by the results recorded in Table V, neither hog cholera nor myxoma 
virus was demonstrated in the washed body tissues of leeches whose gut con- 
tents did contain virus. The indications from the findings outlined are that 
virus is localized largely or entirely in the gut contents of infected leeches and 
is not present in the body tissues. 
DISCUSSION 
Although it has been found that leeches are capable of maintaining either 
myxoma or hog cholera virus for relatively long periods of time under conditions 
prevailing in a  laboratory aquarium, the results do not suggest the likelihood 
that this constitutes any more than mere preservation of the viruses. There is 
no evidence that either virus multiplied within the leeches,  nor, in fact, that 
they even invaded the body tissues. The three instances in which leeches appar- 
ently transmitted hog cholera virus under natural feeding conditions are a little 
difficult to explain under these circumstances. Our first assumption was that 
virus in the salivary glands of the infected leeches had been transmitted to the 
swine in the process of hirudin injection by the feeding leeches.  However, in 
the absence of demonstrable infection of the leech tissues, an alternate explana- 
tion of the infections observed is that in feeding, the leeches may have regurgi- 
tated infectious blood and may have infected the swine by introducing this 
regurgitated blood through the lesions made during feeding. 
The experiments in which attempts were made to infect leeches with both 
myxoma and hog cholera virus were of interest in that, while both viruses 
could be established in the leeches if the hog cholera virus feeding preceded the 
feeding of myxoma virus, only the myxoma virus was established if feeding on it 
preceded the ingestion of hog cholera virus. In the absence of actual infection 
of the tissues of the leech, there is no readily apparent explanation as to why a RICHARD  E.  SHOPE  381 
preceding  myxoma virus infection should  prevent the later establishment of 
hog cholera virus. 
The preservation of hog cholera virus in the bloody gut contents of leeches 
for as long as 3 months and the similar preservation of myxoma virus for as 
long as 5 months suggests that the viruses are well protected from physical and 
chemical factors that might be operative in the open. This relatively  long period 
of survival conceivably could be of importance as a mechanism for the preserva- 
tion of viral agents in nature, despite the fact that virus seems not to multiply 
in the leech, and that the leech serves only as a mechanical reservoir. 
When this study of the possible role of leeches as reservoirs for myxoma and 
hog cholera viruses was begun, the writer was not aware that any work of a 
similar character had been recorded in the literature. However,  subsequent to 
the initiation of my experiments, I have come across a paper by Boynton (1), 
in which he demonstrated the persistence of rinderpest virus for as long as 25 
days in leeches previously fed on the blood of rinderpest-infected cattle. Boyn- 
ton was unable to transmit rinderpest by the feeding of infected leeches upon 
normal cattle. However,  he succeeded in transmitting the disease to normal 
cattle with blood that leeches disengorged as long as 25 days after their feeding 
on an infected animal. He visualized the leech as possibly playing an epidemi- 
ological role in rinderpest through the mechanism of the disengorgement  of 
infected blood on vegetation in the neighborhood of water courses where cattle 
and carabao would later browse the contaminated vegetation. 
The experiments that I have conducted confirm the earlier work of Boynton 
that leeches can serve as mechanical reservoirs for some septicemic viruses. I 
share with Boynton the view that infected leeches conceivably could play a role 
in  the  preservation  and  transmission  of  certain  septicemic  virus  diseases. 
Awareness  of this possibility  might perhaps  profitably be kept  in mind in 
searching for reservoirs of virus disease whose natural histories appear to bear 
association with leech-infested waters. 
SUMMARY 
Leeches, fed on swine infected with hog cholera, contained virus for as long 
as 87 days after their infective blood meals. In three instances, infected leeches 
apparently transmitted hog cholera virus to susceptible swine in the process of 
normal feeding. 
Myxoma virus persisted in leeches for as long as 154 days after the ingestion 
of a blood meal from rabbits with myxomatosis. 
Leeches fed consecutively, first on swine with hog cholera, and later on rab- 
bits with myxomatosis, acquired both viruses. In such dually infected leeches, 
the hog cholera virus persisted  for as long as 122 days and the myxoma virus 
for as long as 110 days, the longest periods tested. 
Leeches fed consecutively, first on rabbits with myxomatosis, and later on 382  LEECH  AS POTENTIAL VIRUS RESERVOIR 
swine with hog cholera,  acquired only the myxoma virus. Hog cholera virus 
could not be demonstrated in such dually fed leeches. 
Myxoma and hog cholera viruses appeared to be present in about equivalent 
amounts in the anterior and posterior thirds of the bodies of infected leeches. 
Myxoma and hog cholera viruses were present in the bloody gut contents of 
infected leeches but were not demonstrable in the body tissues of these leeches. 
It seems from the findings presented that leeches are not biological  carriers 
of either  myxoma or hog  cholera  virus but instead  carry these  two agents 
mechanically in  their  gastrointestinal  tracts.  In  doing  this,  they appear  to 
protect the viruses from various deleterious chemical  and physical influences 
to which they would have been exposed in the open. 
It is speculated that leeches could play a role in nature in perpetuating the 
blood-borne viruses of certain diseases  in which close association with bodies 
of fresh water is of epidemiological  importance, 
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